1,2
Experimental data indicate that simultaneous exposure of cells to merocyanine 540 (MC540) and light reduces leukeDye-sensitized reactions mia, lymphoma, and neuroblastoma cells by 4-8 logs and only moderately damages granulocyte/macrophage progeniUnless indicated otherwise, bone marrow cells were sustors (CFU-GM) and mixed colony-forming cells (CFU-mix pended at a density of 5 × 10 6 /ml in HEPES-buffered (10 or CFU-GEMM). [1] [2] [3] [4] [5] [6] [7] [8] [9] However, in a phase I clinical trial, mm, pH 7.4) alpha-medium supplemented with fetal bovine most recipients of MC540-purged autologous bone marrow serum (12%), penicillin (100 units/ml) and streptomycin grafts had delayed bone marrow recovery. 10, 11 (100 g/ml).
1,2 MC540 was added from a freshly prepared Long-term bone marrow (Dexter-type) cultures can be 1 mg/ml stock solution in 50% ethanol to a final concenused to measure the combined injury to hematopoietic stem tration of 15 g/ml. Clear polystyrene tubes (15 mm diamcells and stroma and may reveal defects not apparent in eter; Corning Glass Works, Corning, NY, USA) containing short-term in vitro clonal assays. 12, 13 One such study of the cell suspension were mounted on a Plexiglas disk that human bone marrow cells found no adverse effect of photorotated at approximately 60 r.p.m. between two banks (five sensitization except for a depletion of fat cells in adherent tubes per bank) of tubular white fluorescent light bulbs layers. 6 However, observation times were limited to р6 (F20T12.CW; General Electric, Cleveland, OH, USA) and weeks, precluding testing sustained hematopoiesis. We here were irradiated for graded time intervals (0-60 min). The report on an evaluation of photosensitized bone marrow fluence rate at the sample site was approximately 35 W/m 2 cells in an improved Dexter system that sustained hematoas determined by a model 351A Power Meter equipped poiesis for 16 weeks, and in an in vitro clonal assay of with a model 262 detector (United Detector, Hawthorne, fibroblast colony-forming cells (CFU-F).
CA, USA). Tubes were agitated manually every 15 min to keep the cells in suspension. The temperature at the sample site did not exceed 28°C. The reaction was stopped by dark or under low-level ambient light. Cells that were medium supplemented with methylcellulose (0.8%), fetal bovine serum (30%), deionized bovine serum albumin exposed to MC540 in the dark, to light in the absence of dye, or to neither dye nor light served as controls. 1, 2 (1%), and a saturating concentration (2 units/ml) of erythropoietin.
In selected experiments, MC540-mediated photodynamic therapy (PDT) was applied to established stromal cell Culture conditions for CFU-GM were identical to the ones used for CFU-E and BFU-E except that the culture layers as opposed to freshly explanted bone marrow cells. To this end, non-adherent cells were removed from 4-weekmedium was supplemented with a saturating dose (10%) of mouse abdominal wall conditioned medium (a source of old long-term marrow cultures, and the culture medium was replaced by 5 ml alpha-medium supplemented with fetal granulocyte/macrophage colony-stimulating activity 17, 18 instead of erythropoietin, contained a lower concentration bovine serum (12%) and MC540 (15 g/ml). The flasks were placed on a Plexiglas plate between two panels of (20%) of fetal bovine serum, and lacked bovine serum albumin. white tubular fluorescent light bulbs (5 bulbs per panel) and irradiated for 60 min (fluence rate: 35 W/m 2 ). The reaction Cultures of hematopoietic progenitor cells were incubated for 2 (CFU-E), 7 (CFU-GM) and 10 (BFU-E) days, was terminated by gently washing the adherent layers twice with dye-free HEPES-buffered alpha-medium suprespectively at 37°C in a humidified atmosphere of 5% CO 2 in air. Colonies were scored in situ with an inverted microplemented with horse serum (5%). Cultures were incubated at 37°C for 2 h, washed again with HEPES-alpha medium scope according to established criteria.
15,16
Conditions for the assay of fibroblast colony-forming supplemented with horse serum (5%) to remove residual dye, and then recharged with an aliquot (1.5 × 10 6 cells (CFU-F) were similar to the ones described by CastroMalaspina et al. 19 In brief, 1 × 10 6 untreated or up to cells/flask; suspended in fresh alpha-medium supplemented with horse serum, hydrocortisone and antibiotics) of the 2 × 10 6 photosensitized bone marrow cells were plated in 60 mm tissue culture dishes (Corning) containing 5 ml non-adherent cells that had been removed and pooled prior to exposing the stromal layers to MC540 and light.
alpha-medium supplemented with 20% fetal bovine serum and incubated for 10 days at 37°C in a humidified atmosFollowing the recharging of cells with non-adherent cells, the culture medium was replenished weekly as described phere of 5% CO 2 in air. On day 4 of culture, the medium was removed and replaced by fresh medium. At the end of for standard long-term marrow cultures.
the 10 day culture period, cultures were stained with Wright-Giemsa and colonies consisting of у50 cells were Long-term marrow cultures scored with the aid of an inverted microscope. Colony assay data were corrected for differences in seedLong-term marrow cultures were established as described by Dexter et al 12 including the modifications of Greening density. berger.
14 Unless indicated otherwise, 2 × 10 7 photosensitized or untreated bone marrow cells were placed into one 25 cm 2 culture flask (Corning) containing 10 ml alphaResults medium supplemented with a selected lot of horse serum (20%), hydrocortisone (10 −7 M), penicillin (100 units/ml) In vitro clonal assays indicated that at least one stromal element was highly susceptible to MC540-mediated PDT. and streptomycin (100 g/ml), and incubated at 37°C in a humidified atmosphere of 5% CO 2 in air. At weekly interAs Figure 1 shows, CFU-F in freshly explanted murine bone marrow were about as sensitive as erythroid progenivals, one half of the culture medium (and with it one half of the non-adherent cell population) was removed, assayed tors and markedly more sensitive than CFU-GM. At the highest light dose tested (60 min exposure; 126 kJ/m 2 ; a for CFU-GM, BFU-E, and non-adherent cells, and replaced with an equal volume of fresh medium. dose equal to or slightly smaller than the light doses used for the purging of simulated autologous remission marrow To assess the sensitivity of established stromal layers to MC540-mediated PDT, 4-week-old long-term marrow culgrafts in preclinical models), CFU-F were reduced by about 2 log. tures were washed free of non-adherent cells and exposed to MC540 (15 g/ml) and white light for 60 min (fluence:
Long-term marrow cultures were established with cells exposed to MC540 (15 g/ml) and light for 60 min 126 kJ/m 2 ). After completion of the photoradiation step, cultures were washed free of excess dye, and recharged (fluence: 126 kJ/m 2 ) immediately after explantation. Culture supernatants were assayed weekly (rarely bi-weekly) with an appropriate aliquot of the previously removed and pooled non-adherent cell fraction.
for non-adherent cells, BFU-E, and CFU-GM and compared to controls. Photosensitized marrow initiated and maintained long-term marrow cultures for up to 16 weeks In vitro clonal assays (Figure 2 ). However, mean numbers of non-adherent cells were 31% less (P = 0.037; two-tailed Student's t-test) and Early (BFU-E) and late (CFU-E) erythroid progenitors and granulocyte/macrophage progenitors (CFU-GM) were CFU-GM and BFU-E were reduced by 28% (P = 0.0024) and 36% (P = 0.046), respectively. Non-adherent cells genassayed as described previously.
15, 16 In brief, for the assay of erythroid progenitors, 2 × 10 5 untreated or up to 8 × 10 5 erated by these cultures showed a moderate shift from neutrophils and immature cells to macrophages (Table 1) . (seeding density adjusted to compensate for the reduced plating efficiency of photoinactivated cells) photosensitized Adherent layers formed by photosensitized marrow cells and those formed by control cells reached a similar degree bone marrow cells were placed in 35 mm Petri dishes (Greiner, Nürtingen, Germany) containing 1 ml alphaof confluence. However, adherent layers derived from pho- tosensitized marrow cells reached confluence after approximately 3 weeks whereas adherent layers established with control marrow cells required only 2 weeks. The morphologic appearance of adherent layers formed by photosensitized and control cells was strikingly different. Adherent layers formed from unmanipulated bone marrow cells or bone marrow cells that had been exposed to light in the absence of dye or to dye in the dark always contained numerous fat cells (Figure 3 ). In contrast, fat cells were extremely rare or absent in stromal layers established by photosensitized cells (Figure 3) suggesting that preadipocytes were sensitive to MC540-mediated PDT. In cultures where established stromal layers were exposed to dye and light, the production of non-adherent cells and progenitor cells declined rapidly (Figure 4) . At 4 weeks post-PDT, CFU-GM production declined by 2 logs and BFU-E were no longer detectable (Figure 4 ). This pronounced decline of progenitor cell production was paralleled by the loss (detachment) of major portions (up to 80%) of adherent cells. During the remaining observation period, areas vacated by detached fragments of adherent layers were partially reclaimed by proliferating elements of residual adherent cells. However, rather than restoring the original mix of adherent cells (endothelial cells, fibroblasts, macrophages, adipocytes), the reclaimed areas appeared to be populated exclusively by macrophages, and no recovery immature cells and macrophages. By contrast, stromal layers of control cultures that were recharged with aliquots of the same pooled population of non-adherent cells as photo- Data derived from experiment depicted in Figure 2 . 
